V3.2 (May 1998) FOR SUN WORKSTATI ON, S. FINSTERLE

| TOUGH2 | NPUT FI LE : VRITi

TOUGH2 | NPUT FI LE © WRIT

DI RECTORY : Impresto/u/finster/itough2v3. 2/ Test Cases

EQUATI ON OF STATE MODULE NO. 3 - Two-phase, non-isothermal flow of water and air

COVPONENTS : WATER AR HEAT

PHASES . GAS LI QUI D

TOUGH2 TI TLE : TOUGH2 input file for simulating two-phase,transient 'Darcy' experinent

Figure 2.8.1. Excerpt from ITOUGH2 output file wRITi.out, showing starting date, input file names, directory, and number of
eguation-of-state modul e used.

COWUTER SYSTEM

Machi ne type : SUN Workstation

UNI X script file name : Impresto/ul/finster/bin/itough2

UNI X conmand |ine argunents : -v 3.2 vwWRITi vRIT 3

Host nane . presto.lbl.gov

User name : finster

Execut abl e . Impresto/u/finster/itough2v3.2/itough2_3.presto.|bl.gov

Conputer is as fast as a SUN ULTRAl

--- End of ITOUGH2 input job: 86 lines read, 0. 32 CPU-seconds used

Figure 2.8.2. Excerpt from ITOUGH2 output file wRITi.out, showing information regarding computer system used and command line
arguments.

39




MAXEL = 53 Maxi mum nunber of el enments

MAXCON = 52 Maxi mum nunber of connections

MAXK = 2 Maxi mum nunber of conponents

MAXEQ = 3 Maxi mum nunber of equations

MAXPH = 2 Maxi mum nunber of phases

MAXB = 6 Maxi mum nunber of phase-dependent secondary vari abl es

MAXSS = 1 Maxi mum nunber of sinks/sources

MAVTAB = 1 Maxi mum aver age nunber of table entries per sink/source

MAXROC = 3 Maxi mum nunber of rock types

MAXTSP = 1 Maxi mum nunber of specified time steps, divided by eight

MAXLAY = 1 Maxi mum nunber of reservoir layers for wells on deliverability

MXRPCP = 7 Maxi mum nunber of paraneters for relative perneability and capillary pressure functions
MXPCTB = 1 Maxi mum nunber of points in table for ECM capillary pressure

MXTBC = 1 Maxi mum nunmber of elenents with tinme vs. boundary condition

MXTBCT = 1 Maxi mum nunmber of tine vs. pressure data

MAXTI M = 61 Maxi mum nunber of calibration tines

MAXN = 3 Maxi mum nunber of paraneters to be estinated

MAXO = 2 Maxi mum nunber of datasets

MAXM = 123 Maxi mum nunber of calibration points

MAXPD = 120 Maxi mum nunber of paired data

MAXR = 10 Maxi mum nunber of elenments or indicesof each paraneter or observation
MAXBRK = 1 Maxi mum nunber of points in tine at which SAVE file is witten for restart
MAXEBRK = 1 Maxi mum nunber of elements with new initial conditions after restart
MAXCOEFF = 1 Maxi mum nunber of coefficients for data nodeling functions

MAXMCS = 1 Maxi mum nunber of Monte Carlo sinulations

MAXCURVE = 6 Maxi mum nunber of curves to be plotted

MAXXGR = 3 Di nension of third index of array XGUESSR

MTYPE = 17 Nunber of observation types

MPEMT = 6 Nurber of plot file formats

MAXPV = 4 Maxi mum nunber of prinmary variabl es

Figure 2.8.3. Excerpt from ITOUGH2 output file wRITi.out, showing information regarding computer system used and command line
arguments.
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| TOUGH2 Current version V3.2 (May 1998)

| TOUGH 1.0 1 AUGUST 1992 | TOUGH User's Guide, Version 1.0, Report N B 92-99

| TOUGH2 2.2 1 FEBRUARY 1994 | TOUGH2 User's Guide, Version 2.2, Report LBL-34581

I TOUGH2 3.0 12 JULY 1996 YMP Software qualification, Report LBNL-39489

I TOUGH2 3.1 1 APRIL 1997 | TOUGH2 Conmand Reference, Version 3.1, Report LBNL-40041
| TOUGH2 3.2 1 JuLy 1998 YMP Software qualification, Report LBNL-42002

WHATCOM 1.0 10 AUGUST 1993 #35: Q WHAT COWUTER | S USED? A: SUN

CALLSIG 1.0 5 DECEMBER 1995 #112: SI GNAL HANDLER

CPUSEC 1.0 10 AUGUST 1993 #--: RETURNS CPU-TI ME (VERSI ON SUN)

OPENFI LE 2.5 4 JUNE 1996 #31: OPENS MOST OF THE FI LES

LENGCS 1.0 1 MARCH 1992 #28: RETURNS LENGTH OF LI NE

PREC 1.0 1 AUGUST 1992 #86: CALCULATE MACHI NE DEPENDENT CONSTANTS

| THEADER 3. 2 27 MAY 1998 #29: PRINTS | TOUGH2 HEADER

DAYTI M 1.0 10 AUGUST 1993 #32: RETURNS DATE AND TI ME (VERSI ON SUN)

THEADER 3.2 27 MAY 1998 #30: PRI NTS TOUGH2 HEADER

| NPUT 3.2 20 JUNE 1998 READ ALL DATA PROVI DED THROUGH FI LE *I NPUT*, + SECONDARY MESH + USERX
CHECKMAX 1.0 11 MAY 1996 #41: CHECK KEY DI MENSI ONS

FLOPP 1.0 11 APRIL 1991 CALCULATE NUMBER OF SIGNIFI CANT DIG TS FOR FLOATI NG PO NT ARI THVETI C
RFI LE 3.2 21 OCTOBER 1997 I NI TI ALI ZE DATA FROM FI LES *MESH* OR *M NC*, *GENER*, AND *| NCON*
ITINPUT 1.0 1 AUGUST 1992 # 2: READS COMVANDS CF COVVAND LEVEL 1

READCOW 2. 5 14 JUNE 1996 #24: READS A COMVAND

FINDKEY 1.1 4 AUGUST 1993 #25: READS A KEYWORD

LTU 1.0 1 AUGUST 1992 #26: CONVERTS LOAER TO UPPER CASE

| NPARAME 3. 2 20 JUNE 1998 # 3. READS PARAMETERS TO BE ESTI MATED

I NPAR 3.1 17 MARCH 1997 # 4. READS PARAMETER VALUES, WEI GHTS, ETC.

| NELEM 3.1 3 APRI L 1997 #23: READS GRI D BLOCK NAME AFTER A COLON

NEXTWORD 2.5 9 FEBRUARY 1996 #27: EXTRACTS NEXT WORD ON A LI NE

I NV\BP 3.1 17 MARCH 1997 #11: READS WEI GHT, BOUNDS, ANNOTATI ON, AND PARAMETERS
READREAL 1.0 1 AUGUST 1992 #22: READS A REAL AFTER A COLON

READINT 1.0 1 AUGUST 1992 #21: READS AN | NTEGER AFTER A COLON

| NOBSERV 3. 2 2 OCTOBER 1997 #12: READS TYPE OF OBSERVATI ON

INTIMES 3.1 29 APRIL 1997 #13: READS TI MES AT WHI CH OBSERVATI ONS ARE AVAI LABLE

I NOBS 2.5 13 DECEMBER 1995 #15: READS OBSERVATI ON | NFOS

| NOBSDAT 2.5 13 JANUARY 1996 #17: READS ALL OBSERVED DATA

I NPAIRED 3.1 2 APRIL 1997 #19: READS PAI RED DATA SET

I NVEI GHT 3. 2 7 OCTOBER 1997 #20: READS VEI GHTS

I NCOWPUT 1.0 1 AUGUST 1992 #16: READS VARI OUS COVPUTATI ONAL PARAMETERS

INTOLER 3.1 27 MARCH 1997 #83: READS TOLERANCE/ STOPPI NG CRI TERI A

I NERROR 2.3 20 DECEMBER 1994 #81: READS COVMANDS FOR ERROR ANALYSI S

INPRINT 2.5 13 JANUARY 1996 #80: READS OUTPUT OPTI ONS

CETI NDEX 2.2 11 MARCH 1994 #45: CGETS | NDEX OF ELEMENTS, CONNECTI ONS, AND SOURCES
I Nl GUESS 3. 2 20 JUNE 1998 #38: INITIAL GUESS OF PARAMETERS ( XGUESS)

Figure 2.8.4. Excerpt from ITOUGH2 output file wRITi.out, showing version control statements.
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GETNMAT
| XLBXUB
SETWSCAL
OBSMVEAN
SETXSCAL
I'N_OUT
TI NEW ND
PRSTATUS
ERRORVSG
LEVMAR
FCNLEV
UPDATE
PRI ORI NF
OBSERVAT
GETMESH
GETI NCON
I'NI TTOUG
ECS

SAT

VI SW
COMT
PCAP
SUPST

VI SCO
covi S

VI SS
RELP
BALLA

| NDATA
CALLTOUG
TSTEP
MULTI

LI NEQ

CONVER
ouT
OBSERVED
OBJFUN
VRl TEPAR
PLOTFI LE
JAC
M_LAVBDA
TERM NAT
VR F
QFI SHER
|

QCH
POLYNOM

PRNONONGORENNGN oWePRrPRORPRrEr@h pprNORPONONDNONONORERNOND
CoNUNNLNOUIA U ONRFPOONOCOOONOOooUINFENRENWHUTRUINOOUIR -

21 SEPTEMBER 1993

21 SEPTEMBER
8 AUGUST
1 AUGUST
1 AUGUST
20 JUNE
30 NOVEMBER
20 FEBRUARY
21 MARCH
26 MARCH
10 JANUARY
20 JUNE
21 SEPTEMBER
2 OCTOBER
15 APRIL
18 NOVEMBER
18 APRIL
28 MARCH
22 JANUARY
22 JANUARY
22 JANUARY
1 JUNE
29 JANUARY
1 FEBRUARY
1 FEBRUARY
22 JANUARY
1 JUNE
5 MARCH
5 MARCH
2 APRI L
27 MARCH
1 JUNE
31 JANUARY

13 JUNE

18 APRI L

4 AUGUST
21 MARCH
17 JUNE

6 OCTOBER
24 FEBRUARY
14 FEBRUARY
13 MAY

13 JANUARY
16 FEBRUARY
1 AUGUST

1 AUGUST

1993
1996
1992
1992
1998
1995
1997
1996
1996
1995
1998
1993
1997
1993
1997
1996
1991
1990
1990
1990
1998
1990
1990
1990
1990
1998
1991
1991
1997
1997
1998
1994

1996
1996
1996
1996
1996
1997
1997
1994
1998
1996
1994
1992
1992

#44: | DENTI FI ES MATERI AL NUMBER

#43: | NI TI ALI ZES ARRAY XLB AND XUB

#39: I NI TI ALI ZES ARRAY WSCALE

#40: CALCULATES MEAN OF OBSERVATI ONS

#42: | NI TI ALI ZES ARRAY XSCALE

#35: PRINTS A SUMVARY OF | NPUT DATA
#53: SETS TI ME W NDOW

#91: PRI NTS STATUS MESSAGES

#34: PRI NTS ERROR MESSAGES

#99: LEVENBERG MARQUARDT OPTI M ZATI ON ALGORI THM

#50: RETURNS WEI GHTED RESI DUAL VECTOR

#37: UPDATES PARAMETERS

#48: PRI OR | NFORVATI ON

#62: COVPARES MEASURED AND CALCULATED QUANTI TI ES

#47: READS FILE MESH, M NC, GENER, AND | NCON
#46: READS FI LE | NCON

#54: | NI TI ALl ZES TOUGH2 RUN ( REPLACES CYCIT)

*ECS3* ... THERMOPHYSI CAL PROPERTI ES MODULE FOR WATER/ Al R

STEAM TABLE EQUATI ON:  SATURATI ON PRESSURE AS FUNCTI ON OF TEMPERATURE
VI SCOSI TY OF LI QUID WATER AS FUNCTI ON COF TEMPERATURE AND PRESSURE
LI QU D WATER DENSI TY AND | NT. ENERGY AS FUNCTI ON OF TEMPERATURE AND PRESSURE
CAPI LLARY PRESSURE

VAPOR DENSI TY AND | NTERNAL ENERGY AS FUNCTI ON OF TEMPERATURE AND PRESSURE
CALCULATE VI SCOSITY OF VAPOR- Al R M XTURES

COEFFI CI ENT FOR GAS PHASE VI SCOSI TY CALCULATI ON

VI SCOSI TY OF VAPOR AS FUNCTI ON OF TEMPERATURE

RELATI VE PERVMEABI LI TI ES

PERFORM SUMVARY BALANCES FOR VOLUME, NMASS, AND ENERGY

PROVI DE PRI NTOUT OF MOST DATA PROVI DED THROUGH FI LE *I NPUT*

#55: CALLS TOUGH2 FOR ONE TI ME STEP

ADJUST TI ME STEPS TO CO NCI DE W TH USER- DEFI NED TARGET TI MES
ASSEMBLE ALL ACCUMULATI ON AND FLOW TERMS

I NTERFACE FOR LI NEAR EQUATI ON SOLVERS

CAN CALL MA28 OR A PACKAGE OF CONJUGATE GRADI ENT SOLVERS

UPDATE PRI MARY VARI ABLES AFTER CONVERGENCE | S ACHI EVED

PRI NT RESULTS FOR ELEMENTS, CONNECTI ONS, AND S| NKS/ SOURCES

#78: RETURNS OBSERVED DATA AS A FUNCTION OF TI ME

#49: COVPUTE OBJECTI VE FUNCTI ON

#56: WRITE BEST FI T PARAMETER SET AND BLOCK ROCKS

#58: WRI TES PLOTFI LE | N PLOPO- FORVAT

#51: CALCULATES FI NI TE DI FFERENCE JACOBI AN

#67: ESTI MATES NEW LAMBDAS

61: PERFORM ERROR ANALYSI S AND TERM NATE | TOUGH2

AT THE COVPLETION OF A TOUGH2 RUN, WRI TE PRI MARY VARI ABLES ON FI LE * SAVE*
#77: RETURNS QUANTI LE OF F-DI STRI BUTI ON

#88: RETURNS CHI - SQUARE QUANTI LE

#89: EVALUATES POLYNOM

Figure 2.8.4. (cont.) Excerpt from ITOUGH2 output file wRITi.out, showing version control statements.
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El GEN 3.2 14 AUGUST 1997 #59: PERFORMS EI GENANALYSI S
LOGLIKE 2.1 29 SEPTEMBER 1993 #68: COWPUTE LOG- LI KELI HOOD
QNORMAL 2.5 13 JANUARY 1996 #87: RETURNS QUANTI LE OF NORMAL DI STRI BUTI ON
MOVENT 3.2 23 JULY 1997 #90: MOMENTS OF DI STRI BUTI ON
SORT 3.1 17 APRI L 1997 #113: SORTS ARRAY
MOVENT 3.1 17 APRIL 1997 #75: LI NEAR REGRESSI ON ANALYSI S
PLOTI F 1.0 15 FEBRUARY 1993 #96: PLOT | NTERFACE
REFORVAT 1.1 15 APRI L 1993 #97: REFORMATS PLOT FI LES
QUOTES 1.0 15 FEBRUARY 1993 #98: RETURNS TEXT BETWEEN QUOTES
--- 2nd | TOUGH2 simulation job conpleted: 25-Jun-98 10:51 --- CPU tinme used = 77.82 sec.

0 error(s) and O warning(s) detected

Figure 2.8.4. (cont.) Excerpt from ITOUGH2 output file wRITi.out, showing version control statements.
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